In a previous article' on this subject (I), it was shown that certain perturbations in the CN bands can be explained as due to the close approach of terms with the same rotational quantum number, j, in two different electronic states. The unusual occurrence of a perturbation in the final 25 state of the violet CN system led to the discovery of a corresponding perturbation in the initial state (2p) of the red CN system. These results were in good agreement with the theoretical deductions of Kronig.2 At about the same time Dieke3 found a similar verification of this theory in the He2 bands, where it was possible to fix accurately the relative positions of the two sets of mutually perturbing levels. The present work deals with a number of perturbations in the CO Angstrom bands, 15 _ 11P, not hitherto described. The rotational structure of this system was first analyzed in terms of the quantum theory by Hulthen.4 He applied the combination principle in an approximate form (Equation (2) , below) to the (0,1) (0,2) (0,3) and (1, 1) bands, but was unable to get any analysis of the bands (0,0) and (1, 0) . The latter evidently have an abnormal structure. Jass65 gave a partial analysis of them, showing that for low quantum numbers the regular P, Q and R branches are present. Two additional short series (3 members in each) were also reported as forming part of the structure of these two bands. In the recent work of Johnson and Asundi6 the extra lines are regarded as of extraneous origin, but only an incomplete analysis of these bands could be given. These authors were also able to establish definitely that the origins of the (0,1) and (1, 1) bands lie about 4.2 cm.-I toward lower frequencies from their positions calculated by a smooth formula representing the origins of the other bands. This was referred to as a "vibrational perturbation" of the state n" = 1. Birge7 had previously suspected that the n" = 0 level is thus displaced. From our work it now appears that all of these irregularities are due to perturbations of the rotational terms of the 'P state, of a type similar to those we have previously reported.
In the quantum analysis of the Angstr6m bands given by Hulthen, assignments of the lines extended usually to about j = 25. We have examined the band structure at higher rotational quantum numbers, and find that all bands with m" = 0, 1, 2 and 3 show marked perturbations in the region j = 25 to 40, and some at even lowerj's. A set of grating plates taken originally for a study of the Zeeman effect8 was kindly furnished us for this work by Dr. F. H. Crawford. To investigate these perturbations by the method of plotting deviation curves which was used before, new measurements were made of the band lines in parts of the (0,1), (0,2) and (0,3) bands, starting usually about 10 lines before the first perturbation, and extending as far as the lines could be traced. It was found necessary to re-measure all the lines of the (0,0) band. Formulae were derived, usually by the method of least squares, to fit the regular lines of the band, and the deviations of all lines, regular and perturbed, from these formulae were represented graphically. The form of the curves at the perturbations (see figure 1, below) was always of the characteristic "resonance" type found in our previous work. In approaching a perturbation from the side of low j's, the lines invariably deviate first toward higher frequencies. If, as is usual, these perturbations were in the initial state, 1S, the deviation curves should be identical for R(j-1), Q(j) and P(j + 1). This is not the case. They are always identical for R(j) and P(j), while the Q branch is perturbed at a different j value. Hence the perturbations are in the lower state, 'P. According to Kronig's theory this is possible here, because the 'P state is an excited state, and hence, even for the lowest vibrational states, coincidences may occur with the levels of equalj in some other electronic state. That the Q branch should not be perturbed at the same value of j" as the P and R branches also follows from the theory when we recall that the rotational levels of a 'P state are doublets (o-type doubling), one of the components of each being an odd, and the other an even state. The same phenomenon was observed in the perturbation of the 2P levels of CN described in I. Space will not permit us to present here the results VOL,. 15, 1929 on all the perturbations, but only those bearing on the anomalous features mentioned above. The details will be reserved for a more complete publication elsewhere. It may be of value, however, to indicate the values of j at which the perturbations thus far established reach their maximum displacements: P,R branches j = 9, 16, 27 and >30 (0), 26 and >35 25, 33 31 Considering first the (0,0) band, we curves) the deviations from the equation 
of the lines assigned to the R branch. If from the R lines thus chosen, the corresponding P lines are computed from P(j) = -R(j) -A2F'(j), the last term being known from other bands, a line of the proper intensity always appears in the calculated position. This must be the case for a correct assignment of the lines, since this relation is exact, and not affected by perturbations or r--type doubling. In the analyses of Jass6,5 and of Johnson and Asundi,6 no attention was apparently paid to this requirement, but the lines were chosen to satisfy the approximate relation (2) 15, 1929 II, below, from the failure of the combination relation for the lines of higher j assigned by Johnson and Asundi. Since the relation is fulfilled for the lines chosen here, the R and P branches have the same curve of deviations, as of course they must. Calculated values for the Q lines were next obtained from Q(j) _ R(j) -AF'(j), where R(j) is the calculated value from equation (1). Lines were found approximately in these positions, and their deviations are represented by the broken curves of figure 1(a) . The complete assignment is given in table 1, and supported by the combination differences of table 2. In certain cases two lines are recorded (columns a and b) for the samej value. This will be briefly discussed below.
Evidently when perturbations of this magnitude are present, the analysis of the band structure which is most probably correct is that which gives smooth deviation curves of the type shown in figure 1 , and which at the same time satisfies the exact combination relations. The failure of Jasse, and of Johnson and Asundi, to identify the proper P and R lines above j = 8, and Q lines above j = 10, results from the enormous increase in the combination defect (difference between the continuous and broken curves at a given value of j) in the region of a perturbation. According to our analysis, which leaves no lines in the region of low j's unaccounted for, the two extra branches found by Jass6 are spurious. For the (0,0) band, the proper assignment of these lines is as follows: The perturbations in the (0,1) band are also of interest, since in the final state, n" = 1, the rotational levels are supposed to be displaced as a whole by about 4.2 cm-'. This follows from the fact that the frequencies of the head and of the origin of this band are found' to be lower by this amount than is to be expected from formulae derived to fit the other bands of the system. In figure 1 (b) are given the deviations of the R lines from the equation R(j) = 20,687.18 + 4.58j + 0.360 j.2 The slight negative trend at the lowest values of j is significant. The curve here evidently has the same form as that for the R lines of the (0,0) band between, let us say, j -18 and 25. If only lines above j = 18 of the latter band could be observed, one would conclude that its origin is perturbed by about 6.5 cm-' toward lower frequencies. The fact that this is of the same order of magnitude and in the same sense as the "vibrational" perturbation of the state n" = 1 indicates that the latter is due to a similar perturbing influence, though shifted to lower j values. On this view the vibrational perturbation is to be correlated with the constant displacement of the lines which is often observed (see also figure 1 of I for an analogous effect in CN) after they have passed through the discontinuity and have become more or less regular again. This feature of the perturbation curves has as yet reached no theoretical interpretation, but it seems doubtful whether such displacements can be attributed solely to a perturbation of the vibrational energy, as distinguished from the rotational energy.
All of the phenomena considered above indicate, according to Kronig's theory,2 that the rotational terms of the 'P state are crossed by terms of another electronic state, in such a way that terms of equal j come into close coincidence. The electronic states of CO are known very completely, and a study of the various possibilities shows that it is the a state (final state of the 3rd positive carbon bands and initial state of the Cameron bands) which is involved here. The a' state, which lies just below the 'P(A) state, is ruled out by the following considerations. First, the vibrational levels of the a' state, as fixed approximately by the heads of the ultra-violet absorption bands, are so situated that none coincide closely with the low-n levels of 'P. In order for terms of the same j to coincide, it is obvious that the vibration levels to which these terms belong must be fairly close together. Second, the vibration frequency in a' is very different from that in 'P (1155 as compared to 1499). In view of the general parallelism which is known to exist between the vibration frequency and the moment of inertia, this means that the latter is also quite different in the two states. When the perturbations are as large as those observed here, one infers that the moment of inertia, and hence the value of B, must be very nearly the same as in the perturbing state, for only then will terms with the same j approach closely over a considerable range of j values. On the other hand, neither of the above objections applies to the a state, which is next below a'. A rough extrapolation of its vibrational levels shows that there is probably a close approach of the n = 10 level to that of n = 0 for 'P. Furthermore the extrapolated vibration frequency, wl0l/2, is 1420, as compared to 1481.8 for o1i2 for the 'P state; the values are thus close enough to account for large perturbations. On this view, it seems probable that the perturbation at j = 12 in the (0,0) band and that at lowj's in the (0,1) band may be ascribed to the successive vibration levels n = 10, 11 of the a state, since the shift to a lower j value is consistent with the slightly smaller vibration frequency in the a state.
An important theoretical objection arises to the conclusion that the a levels are responsible for the perturbations. One of the requirements for two terms to perturb each other is that they must belong to electronic states of the same multiplicity.2 The a state has usually been designated 3P,9 although, according to recent work by Johnson,'0 it is 5P. There is no doubt, however, that it is not a singlet state. Hence our findings are not in agreement with the theory on this point, and it seems hardly possible VOL. 15, 1929 to interpret them otherwise. Besides the evidence mentioned above, there is the fact that these perturbations are multiple, occurring at several values of j close together. The case shown in figure 1(a) is typical. The perturbation in the P and R branches is evidently double (I = 9, 16), and in the Q branch single (j = 12). The same effect is found in the (0,2) band-P, R: j = 25, 33; Q: j = 29-and possibly in still other cases, although there are certain complications. It is not clear how this is to be explained by assuming a singlet state as the perturbing one.
In conclusion, it may be well to mention a suggestion made to the writers by Prof. E. C. Kemble with regard to the occurrence of two lines with the same j near the maximum of a perturbation. An example is in the Q branch of the (0,0) band between j = 11 and 14. In any perturbation we are dealing with two sets of terms which, when the energy is plotted against j, would cross at a certain value of j, but actually are displaced here due to a "perturbation energy," as shown by Kronig. From the standpoint of the wave mechanics the two electronic states lose their identity in this region, and an interpretation of the various quantum numbers in terms of the molecular model is no longer possible. As a result, transitions from both sets of levels begin to take place, and extra lines may occur in the region of the perturbation where the displacements are largest. Our observations show that the intensity of the lines decreases as the displacements increase, and that the sum of the intensity of the two transitions for
